
THE LOCALISATION OF ATEOPHIC PARALYSES.

MOTOE paralysis may result from lesions of different parts of
the neuro-musoular apparatus, each more or less distinctly cha-
racterised by special clinical features and concomitants. It
may be a consequence of destructive lesion, temporary or per-
manent, of the cerebral motor centres, or motor tracts, or of the
spinal centres and their centrifugal paths—the motor nerves,
or of disease of the muscles directly. The forms of paralysis
have been classified variously, e.g. cerebral, spinal, peripheral,
and myopathic ; or central, paralysis of conduction, and myo-
pathic (Erb). For practical clinical purposes it is most con-
venient to differentiate paralyses according to the exact seat of
lesion, whether in the brain, spinal cord, or peripheral nerves,
&c.; but in reference to the question immediately tinder con-
sideration we may divide paralyses of nervous origin into two
great divisions, cerebral and spinal. Under cerebral we may
include paralysis from lesion, either of the motor centres
themselves, or of their conducting paths, whether in the
internal capsule, crus, pons, or spinal cord. Under spinal
we should include only paralysis from lesion of the anterior
horns, or their conducting paths, viz. the peripheral motor
nerves.

This division is made, because, altogether apart from the
clinical features of each case, in the one group the paralysed
muscles retain their normal physiological properties, and
emaciate only from disease; in the other the muscles undergo
degeneration as well as wasting.

In an ordinary case of hemiplegia depending on disease of
the cortex or internal capsule, or the pyramidal strands, the
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218 THE LOCALISATION OF ATEOPHIC PARALYSES.

muscles, though paralysed as regards volitional activity, still
retain their contractility and normal reactions to galvanism
or faradism, and waste only from long-continued inactivity. If
artificially stimulated, they may be maintained in an active
state of nutrition for an indefinite period, subject to certain
secondary changes due to spinal complications.

On the other hand, in cases of lesion of the anterior horns of
the spinal cord, as in poliomyelitis anterior, infantile or adult,
or in cases of lesion of the motor nerves of the muscles, not
only are the muscles paralysed, but they speedily lose their
normal electrical reactions, and undergo atrophic degeneration.

The question is, why do the paralysed muscles undergo de-
generative changes in the one case and not in the other ? and
further, why do certain muscles and muscular groups specially
suffer from atrophic paralysis ?

The trophic degeneration of muscles which ensues on de-
struction of the anterior cornua or division of the motor
nerves, is considered by many as an argument in favour of the
existence of distinct trophic nerves and nerve-centres whose
function is to preside over and regulate the nutrition of the
tissues in which they are distributed. The facts are unques-
tionable, but the explanation is purely hypothetical.

The researches of Waller, confirmed, by all subsequent ob-
servers, show that the motor nerves degenerate when separated
from the spinal cord; and the sensory nerves degenerate if
separated from the ganglion of the post'-ior root, the de-
generation taking place on the side of section, peripheral or
spinal. Muscles also undergo degenerative changes when
separated from their nerve-centres, or when these are de-
stroyed ; but not only do the muscles degenerate under such
conditions, but also bones and glandular tissues. Trophic
disorders also ensue on lesions of purely sensory nerves.
Ophthalmia from certain lesions of the fifth nerve, is well known,
and herpetic and other cutaneous disorders, glossy skin, &c,
are familiar in connection with injuries of nerves. But though
neither the coincident vaso-motor disturbances alone, nor the
loss of protective adaptivity consequent on anaesthesia, nor the
propagation of ascending or descending neuritic processes
alone, may suffice to give a satisfactory explanation of the
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phenomena, we are not necessarily obliged to postulate the,
existence of a distinct system of nerves and nerve-centres
called trophic.

Sir James Paget, in his highly philosophical lecture on
Elemental Pathology,1 has ably urged the necessity of recog-
nising " the distinction between the conditions of life and the
essential properties of living things," and the advantages to be
gained by the study of the diseases of plants, organisms free
from the complications of a nervous system. " It is not to be
doubted that an organism such as ours, in which the work is
more divided according to its kind, and more distributed to
appropriate organs, is more subjected to regulation by central
organs, and the working of each part is more influenced by
that of all the rest; yet it is not probable that in any instance
the law is abrogated according to which each elemental struc-
ture lives its own life in a method determined by its own
inherent properties."

As in plants so in animal tissues, the higher the organisation
the less the power of independent vitality and adaptation, and
the greater the tendency to degeneration when they are left
to themselves and cease to form related units of a complex
organisation.

Sigmund Mayer3 regards the central nerve-substance, the
peripheral fibre and its peripheral end-organs, as contributing
" not only a functional but a nutritive unity," or a mode
of viewing the facts which seems to me preferable to the
hypothesis of special trophic nerves and centres. We have
as units of external function certain nerve-centres, centri-
fugal nerves and peripheral organs, muscular or glandular,
and their adjuncts. In union they exhibit certain vital pro-
perties and reactions which we call normal. The muscles
react in a certain definite manner to stimulation, mechanical
and electrical. But dissolve the unity, and the tissues are left
to their own powers of nutrition. The muscles degenerate and
exhibit different reactions to stimulation; there are disorders of
secretion, and the bones and connective tissues alter their state
of growth. The more specialised the tissue, the greater the

1 ' Brit. Med. Journal,' Oct. 16 mid 23, 1881.
3 Hermann's ' Physiologic,' Bd. ii. pnrt 1; "Spooiollo Nervenphysiologio."
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220 THE LOCALISATION OF ATROPHIC PARALYSES.

degeneration, while the more lowly organised tissues proliferate
and luxuriate. The nutrition and growth of the nerve-tissue
itself is dependent on the ganglionic cell of which it is merely
the prolongation, and the nerve rapidly dies when the connection
is severed. Functional inactivity, the parts all retaining their
normal connections with each other, leads merely to defective,
not to altered nutrition. The difference is one of degree
merely, not of kind. Here there is simple atrophy, whereas
in the former case there is, as Mayer terms it, allotrophy.

The units of internal function are certain peripheral organs
adapted for the reception of different external agencies, and
the centripetal tracts which connect them with the nerve-
centres in which they abut and excite action. The nutrition
and growth of the sensory nerves and tracts, and with them
the normal nutrition of the peripheral organs and their
annexes, are dependent on the ganglionic cells situated either
at the extreme periphery, as in the retina, or at a varying
distance, as in the G-asserian ganglion of the fifth, and the
intervertebral ganglia of the spinal nerves.

Sever the connection with the ganglion cells, or destroy
them, and all the related parts (peripheral and central) undergo
degeneration. The laws of nutrition of the sensory organs and
their annexes are changed, and various disorders consequent
on altered vital conditions tend to manifest themselves.
Especially is this the case under conditions of irritation.
The sensory nerves and tracts degenerate up to the point of
their primary functional manifestation. Some of these run
only a short course in the posterior root zones, others ascend a
long course along the columns of Goll, and others again ascend
along the direct cerebellar tracts of Flechsig.

A similar system of functional and nutritive units obtains in
the central nervous system. The cortical motor centres and
the pyramidal strands abutting in the anterior cornua of the
spinal cord form such a system. Destruction of the cortex, or
severance of the path at any point between the cortex and the
multipolar cells of the anterior cornua, leads to degeneration
J'rom the point of lesion downwards to its termination.

The anatomical differentiation of the functional units of the
central sensory system still requires investigation, though these
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also will no doubt soon be accurately determined in the hemi-
spheres and encephalic ganglia.

We may from this point of view clearly represent the essen-
tial difference between cerebral and spiral paralysis. The
functional and nutritive unit in the one case is the grey
matter of the cortex, pyramidal strands and their terminations
in the anterior cornua. The process of degeneration when the
continuity is interrupted stops at the anterior cornua, which
have an activity altogether independent of cerebral influence,
though occasionally they also become involved in the degene-
rative process. The functional spinal unit is independent of
the cerebral, and hence the muscles maintain their nutrition
according to normal haws, notwithstanding the withdrawal of-
the influence of the cerebrum. But if the multipolar cells are
destroyed, or the motor nerve cut, muscular degeneration is a
necessary result.

Atrophy with degeneration or allotrophic wasting of the
muscles may in all cases be attributed to lesion in some
portion of the functional spinal unit It may be in the
multipolar cells of the anterior cornua, in the motor nerves,
or in the muscular tissue primarily. Of the forms depend-
ing on disease of the cornua we have poliomyelitis anterior,
infantile and adult Of the second form, the phenomena of
peripheral paralysis, traumatic, rheumatic, &c. The central
origin of bulbar paralysis seems well established. To which
form, central, peripheral, or myopathic, we are to refer
progressive muscular atrophy and lead-palsy, are ques-
tions on which some important differences of opinion exist
Though the clinical features and general pathological anatomy
of anterior poliomyelitis are well known, yet the special
localisation of the lesion in cases where not a whole limb, but
certain muscular groups only are affected by atrophic paralysis,
is a subject on which at present very little precise information
exists. It not unfrequently happens both in infantile paralysis
and atrophic-spinal paralysis of adults, that only certain muscles
are affected, while all other muscles remain in a normal con-
dition; and similarly in the lower extremity. Apart from
actual demonstration of the seat of the disease, the absence of
sensory impairment, the escape of other muscles deriving
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222 THE LOCALISATION OP ATROPHIC PARALYSES.

their nervous supply from the same trunk, and the coincident
affection of muscles supplied by several different nerve-trunks,
all exclude peripheral paralysis, and point either to affection
of the anterior cornua, or some of the motor roots of the nerves
supplying the limb.

The question then arises, whether certain portions of the
cervical and lumbar enlargements, or whether certain roots of
the brachial and crural plexus have definite and specific
relations to certain muscular groups, or whether there is per-
haps a complete differentiation in both senses.

Of the various researches which have been made on the
lower animals with a view to determine the distribution of the
roots of the plexuses of the limbs, those of Peyer and Krause,
on the brachial plexus of the rabbit, are most deserving of
attention.1 These investigators found that most of the muscles
of the limbs were supplied by more than one root of the plexus.
Krause in his work, 'Anatomie des Kaninchens,' gives a
tabular view of the various muscles related to each root It is
seen, among other things, that the muscles nearer the shoulder
are supplied by the higher roots, and those of the hand by the
lower roots of the brachial plexus, the 8th cervical and 1st dorsal.

The sensory roots have » corresponding superficial distribution
over the regions of muscular distribution of the anterior roots.

These researches, taken in relation with others presently to
be mentioned, have an important bearing on the question
before us.

From a purely clinical and pathological standpoint, E.
Remak3 has recently advanced many able arguments in favour
of the representation together in the grey matter of the spinal
cord of those muscles which act in synergic combination.

Hence, for instance, the association of the supinator longus
with the brachialis anticus and biceps, and the joint affection
of these muscles along with the deltoid in what he calls his
" upper-arm type " of atrophic spinal paralysis.

Besides the upper-arm type, he differentiates a "forearm
i For a more detailed account of previous researches on this question, see the

communication by Dr. Yeo and myself in the ' Proceedings of the Royal Society,1

No. 212; "On the Functional Relations of the Motor Roots of the Brachial and
Iiumbo-Saoral Plexuses,"

» ' Arohiv f. Psychiatric,' 1876 and 1879.

 by guest on O
ctober 12, 2015

http://brain.oxfordjournals.org/
D

ow
nloaded from

 

http://brain.oxfordjournals.org/


THE LOCALISATION OP ATROPHIC PARALYSES. 223

type," which is essentially that seen in ordinary lead paralysis
—paralysis of the extensors.

He has also attempted a differentiation of synergic muscular
groups in the lower extremity; but the difficulties here are
greater, both for want of material and in the way of exploration
of the state of the individual muscles. But it appears that the
sartorius frequently escapes, though the extensor cruris, sup-
plied by the same nerve, is affected; and the tibialis anticus,
according to him, not unfrequently goes with the extensor cruris.

With the object of throwing light on these topics by experi-
mental research which might be considered as, with few excep-
tions, directly applicable to man, I have, in conjunction with
my colleague Dr. Yeo, made a series of investigations as to
the effects of irritation of the motor roots of the brachial and
crural plexuses of the monkey. The results were embodied
shortly in a paper read at the Royal Society.1

From these it is seen that each motor root represents a
distinct functional combination; the muscles set in action being
so correlated as to bring about a definite action clearly of an
adapted nature. The relation is one of function, not of mere
contiguity or community of peripheral nervous supply. Hence
it is seen also that the purpose subserved by the plexiform
junctions of the nerves of the limbs is to convey to the various
muscles engaged in each functional synergy the requisite
fibres related to each root.

The actions produced by the different roots may be briefly
summarised as follows :—

Upper Extremity.

First dorsal;—action of the intrinsic muscles of the hand,
muscles of ball of thumb, interossei, &c.

Eighth cervical;—closure of fist with pronation and ulnar
flexion of wrist, retraction of the arm with extension of the
forearm.

Seventh cervical;—the scalptor ani action, viz. adduction
with rotation inwards and retraction of upper arm, extension of
foreann and flexion of wrist and fingers so as to bring the tips
against the flank.

1 'Proceedings of the Royal Sooiefy,' No. 212, p. 12.
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Sixth cervical;—the movement of" attention I" viz. adduction
and retraction of upper arm, extension of forearm, pronation
and flexion of wrist, the palm of the hand being brought
towards pubes.

Fifth cervical;—movement of the hand towards the mouth,
viz. raising the upper arm inwards, flexion of the forearm with
stipulation, and extension of the wrist and fingers.

Fourth cervical;—a similar movement of forearm and hand,
but the upper arm is raised upwards and backwards.

The actionB of the lower extremity are respectively :

Second sacral;—action of the intrinsic muscles of the foot,
viz. adduction and flexion of the hallux, with flexion of the
proximal phalanges and extension of the distal.

First sacral;—flexion of the leg, plantar flexion of the foot,
flexion of all the toes at the proximal phalanges, and also of
the distal phalanx of the hallux.

Fifth lumbar;—outward rotation of the thigh, flexion and in-
ward rotation of the leg, plantar flexion of the foot and flexion
of the distal phalanges.

Fourth lumbar;—extension of the thigh, extension of the
leg and pointing of the great toe.

Third lumbar;—flexion of the thigh and extension of the leg.

The several muscles co-operating in these actions, so far as
they could be observed and analysed, will be referred to
subsequently.

Though the functional relations of the roots of the plexuses
are indicated more or less precisely by our experiments, the
question is not decided by them whether the motor nuclei of
all the muscles engaged in each combination are in anatomical
juxtaposition in the spinal segment corresponding to each root,
in which case there would be several distinct nuclei for many
of the muscles ; or whether the motor nucleus of each muscle
has a single definite position, not necessarily in the segment
related to the root which calls it into action, but merely con-
nected with the root by intracentral fibres running upwards or
downwards as the case may be.
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THE LOCALISATION OF ATROPHIC PARALYSES. 225

Thus the extensors of the wrist and-fingers are specially
related to the fifth and fourth cervical roots, but they are also
related to the eighth cervical, and the question is whether the
nuclei are only in the upper segments, or also in the segment
corresponding to the eighth cervical.

These questions scarcely seem to admit of solution experi-
mentally, owing to the complications which would necessarily
be encountered, but the clinical and pathological facts relating
to anterior poliomyelitis are more likely to throw light on the
point In the absence of actual demonstration post-mortem
we cannot be absolutely certain that in a given clinical case of
limited infantile or adult atrophic paralysis, the lesion is in
the anterior cornu and not in a motor root of the plexus. We
must rely on the ascertained facts and principles of diagnosis
of anterior poliomyelitis in such cases. These seem to me
rather in favour of the view that the motor nuclei of the several
muscles excited by each root are anatomically related to each
other in the corresponding spinal segment, so that there may
be several spinal nuclei of the same muscle.

If this is the correct view, it will follow that a lesion of the
grey matter of the anterior cornu accurately limited to a
distinct segment will produce the same effect as lesion of the
corresponding root. Hence those muscles will be most affected
by atrophio paralysis which are innervated entirely or almost
entirely by this segment; whereas those which are represented
also in other segments will be affected to a-less extent. The
degree of atrophy will be in proportion to the degree of
innervation.

A pathological lesion will rarely restrict itself accurately to
the segment corresponding to each root, and more commonly
we shall have affection of more than one. But theoretically
we may differentiate the types of spinal monoplegia into as
many as there are spinal segments and motor roots.

From an analysis of the muscles involved in each of the
combinations already referred to, so far at least as we have
been able to ascertain them as yet, we may indicate the follow-
ing as the muscles which are likely to be affected in polio-
myelitis strictly limited to each segment; the muscles being
placed in the order in which they will probably suffer.
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First dorsal type;—the intrinsic muscles of the hand, viz.
muscles of the thenar and hypothenar eminences and interossei.

Eighth cervical type;—long flexors, ulnar flexors of wrist,
intrinsic muscles of hand, extensors of wrist and phalanges,
long head of triceps (pectoralis major ?).

Seventh cervical type;—teres major, latissimus dorsi, sub-
scapularis, pectoralis major, flexors of wrist and fingers (median)
triceps.

Sixth cervical type;—latissimus dorsi, pectoralis major,
Berratus magnus, pronators, (flexor .of wrist ?) triceps.

Fifth cervical type;—deltoid (clavicular portion), biceps,
brachialis anticus, serratus magnus, supinator longus, extensors
of wrist and fingers.

Fourth cervical type;—deltoid, rhomboid, supra- and infra-
spinatus (teres minor), biceps, brachialis anticus, supinator
longus, extensors of wrist and fingers, diaphragm.

In the lower extremity we should have the following types :—

Second sacral type;—intrinsic muscles of the foot, strictly
parallel to the first dorsal type.

First sacral type;—muscles of calf (plantar flexors), ham-
strings, long flexor of big toe, intrinsic muscles of the foot.

Fifth lumbar type;—flexors and extensors of toes, tibial
muscles, sural muscles, peroneal muscles, outward rotators of
thigh, hamstrings.

Fourth lumbar type;—extensors of thigh, extensor cruris,
peroneus longus, adductors.

Third lumbar type;—ilio-psoas, sartorius, adductors, extensor
cruris.

No absolute accuracy is claimed for this order of enumera-
tion, but as a general indication it may be accepted provisionally
as a guide to further more minute clinical research. And it
will be seen by the cases given below that clinical observation
confirms in a substantial manner the distribution of the
muscular affection in some at least of the types indicated.

It is quite possible for slight affection of some of the muscles
forming a group, and also innervated by other roots, to escape
detection by electrical exploration, and it will be necessary in
future inquiries to test more minutely the relative strength of
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the individual muscles, and compare them carefully with those
of the other side.

As has been indicated, we can scarcely expect to meet with
pure types ; more commonly we are likely to have a blending
of two or more contiguous ones.

The following cases which have recently come under my
own observation are examples of an affection more common
perhaps than any other spinal monoplegia of the upper
extremity, viz. of the groups innervated by the upper cervical
roots.

CASE I.—Mary T., 8Btat 45, a married woman, following
the occupation of a sewing-machinist in connection with a
tailoring establishment. This occupation involves holding
and lifting heavy materials with the right arm.

A week before coming to the hospital—on November 13,
1880—she had had some pain in the right shoulder, but the
movements of the arm were not affected. On Sunday
November 12, on getting out of bed ahe found she could not
raise her right arm.

On examination it was found that she was unable to abduct
or raise the right arm away from the trunk beyond an angle
of about 25°. Flexion of the forearm was very feeble.
The arm could be flexed to a certain extent in the position
midway between pronation and supination, by the aid of the
muscles of the forearm attached to the condyles of the
humerus. The shoulder could be elevated, but retraction
upwards and backwards was very feeble on the right. Supina-
tion was much feebler on the right than left The fingers
could be clenched forcibly, and the wrist and fingers could
also be extended. No comparison of the relative strength of
the extensors was, however, made in this case.

The sensibility was in every respect normal.
The electrical reactions were tested on November 13, again

on December 6, and on December 15. At the last date the
condition was as follows:—

Circumference of upper arm.—Bight, 9£ inches; left, 9£ inches.
Circumference of forearm an inch below condyles.—Eight,

8} yiches; left, 9 inches.
Acromio-axillary circumference.—Eight, 14J inches; left,

VOL. rv." Q
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15 inches, indicating wasting of the deltoid, flexors of forearm,
and supinator longus.

The supra- and infra-spinous fossse were also more distinct
on the right side, and the muscles soft and flabby. Outward
rotation of the right humerus impossible. Extraction and
elevation of right scapula weak.

Faradio reactions.—Deltoid: excitability abolished in the
scapular and acromial divisions, normal in clavicular portion.
Excitability considerably diminished in the right biceps,
brachialis anticus, supinator longus, rhomboid, and infra-
spinatus: uncertainty as to the supra-spinatus, owing to the
action of the trapezius.

No perceptible difference in the reaction of the serratus
magnus of the two sides, nor of the extensors of the fingers.

Galvanic reactions.—Eeaction of degeneration in the right
deltoid (outer two-thirds), rhomboid, infra-spinatus and teres
minor A C C > C C C. Excitability diminished in the biceps,
brachialis anticus and supinator longus, but C C C > A C C.

Remarks.—This case diagnosed as one of limited anterior
"poliomyelitis corresponds almost in every detail to the fourth
cervical type. The deltoid, the outward rotators of the
humerus, the rhomboids, flexors of the forearm with supinator
longus were distinctly affected, and in the proportion which
one might expect, considering the degree of innervation of the
respective muscles by the fourth cervical root. The extensors
of t ie wrist and fingers were not perceptibly affected as re-
gards electrical reactions, but their innervation by other roots,
the fifth and eighth, would readily explain this.

CASE II.—Daniel C, retat. 65, a labourer, admitted at
King's College Hospital in my out-patient department, on
March 24, 1881.

The patient stated that a month ago on getting up one
morning he found he could not raise his right arm. He had
no pain in it. He had previously always enjoyed good health,
and previous to his attack was not complaining specially.

The sensibility of the right arm was everywhere normal.
Abduction of the right arm from the trunk almost im-

possible. Cannot put his hand in the side pocket of his coat.
Very feeble power of flexion of the right forearm. Extension
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of the wrist and fingers of the right hand much feebler than
on the left.

The electrical reactions on April 7 were as follows:—
Faradie.—Very feeble, almost abolished, reaction of right

deltoid,—the clavicular and acromial portions being affected
as much, if not more, than the scapular portion.

Excitability diminished in right rhomboid, infra-spinatus,
serratus magnus, biceps, brachialis anticus, and supinator longus.
Slight diminution also in the extensors of fingers, and wrist.

Galvanic.—Excitability increased, but sluggish reaction,
in the right deltoid, A C C > C 0 C.

Diminished in the right biceps, brachialis anticus, supinator
longus, and extensors of the fingers, but C C 0 > A C C.

Bemarks.—This case indicates an affection of muscles inner-
vated both by the fourth and fifth cervical roots. The
clavicular portion of the deltoid was here distinctly affected,
as much if not more than the scapular. This portion seems
specially in relation with the fifth root. The extensors of the
fingers and wrist were also impaired.

The affection of the serratus magnus is also in agreement
with what we should expect from the experimental data.

CASE III.—Eobert W., rotat. 17. Had worked as a plumber
for a year. Came under my care at King's College Hospital
on April 12, 1881. Nine months ago he began to have pain
in his left shoulder and some difficulty in using his arm. This
increased gradually up to the present condition.

Examined at this date, and again more thoroughly on
April 28, and on June 13 the following condition presented
itself :—

Considerable wasting of the left shoulder, upper and forearm
as compared with the right.

Acromio-axillary circumference.—Left, 13J inches; right,
1 3 | inches.

Middle of upper arm.—Left, 7^ inches ; right, 8 inches.
Forearm, 2.inches below olecranon.—Left, 7$ inches ; right,

8£ inches.
Complains of pain in the left shoulder, but the sensibility is

normal. Flexion of left forearm very feeble, L. = 12 lbs.,
E. = 50 lbs. Diminished power of extension of left wrist also
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as compared with right, L. = 12 lbs., E. = 18 lbs. Cannot
rotate left arm outwards. The inferior angle of the left
scapula is more prominent and stands 1J inch higher than
that of the right.

Electrical reactions: Faradio.—Deltoid, much diminished
generally. The clavicular portion reacts more readily than
the rest.

Diminished also in infra-spinatus, serratus magnus, biceps,
brachialis anticus, rapinator longus, rhomboid, pectoralis
major and latissimus dorsi.

The excitability' was increased in the extensors of wrist and
fingers.

Galvanic.—Deltoid: greatly diminished in all parts. The
clavicular portion reacted more readily. No qualitative
change.

Diminished reaction also in the infra-spinatus, biceps, supi-
nator longus and the other muscles above mentioned. No
qualitative change. Excitability of the extensors of wrist and
fingers increased, but C C C > A C C.

Remarks.—This case is also a combination more or less
complete of the muscular groups innervated by the fourth
and fifth cervical, and also by the sixth. Nine months having
elapsed since the onset, it is difficult to determine what the
conditions of the respective muscles were in the early stages.
But there were abnormalities, as above indicated, present in
those muscles which we have seen act together on stimulation
of the fourth and fifth and sixth cervical roots. In this case
there was some suspicion of lead-poisoning. The patient had
not, however, worked long as a plumber, he had never had
lead colic, yet there was a suspicious-looking line at the margin
of the gums. He had not had drop-wrist. The fact, however,
is important, and will be referred to subsequently in con-
nection with saturnine paralysis.

CASE IV.—Sydney W., tetat. 15. Admitted as out-patient
ut the National Hospital for Paralysed and Epileptic on
April 8, 1881.

On January 1880 complained for several days of pain in
the left shoulder. In the summer the arm became weak, and
has been more or less paralysed ever since.
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Cannot raise the left arm from trunk, nor draw the left
shoulder upwards and backwards. Flexion of left forearm very
feeble. Cannot place his left hand on right shoulder; cannot
cross his wrists behind his back.

There is wasting of left shoulder, hollowing of the supra- and
infra-spinous fosste, thinning and flabbiness of biceps and
supinator longus. The lower angle of left scapula is more
prominent than the right when the arms are' hanging down by
the sides. This becomes much more pronounced when the
arm is raised.

The sensibility was normal.
Faradio reactions —Deltoid, sub-normal in clavicular position,

almost abolished in acromial and clavicular portions. No action
obtainable in left infra-spinatus, very doubtful action in left
rhomboid. The right contracted vigorously to same current.
Diminished action in left biceps, supinator longus, serratus
magnus, pect. major, latissimus dorsi. Slight diminution in
the extensors of fingers.

Remarks.—This case is almost an exact repetition of Case IIL
—the upper cervical type.

These cases show that in addition to the usually recognised
combination of affection of the deltoid, flexors of forearm and
supinator longus, constituting Remak's upper arm type, other
muscles also suffer more or less in accordance with the
grouping indicated by experimental research. The outward
rotators of the humerus and rhomboids go with the deltoid,
more particularly when its outer two-thirds are affected, and
the serratus magnus, which is a synergic muscle with the
deltoid, likewise suffers, especially when there are indications
of affection also of the clavicular portion of the deltoid. The
escape of the clavicular portion of the deltoid, which is so
commonly noted even when the scapular and acromial portions
are affected, receives its explanation in the fact that it goes
more with the fifth than with the fourth cervical root.

The extensors of the wrist and basal phalanges are also
shown to be liable to be affected in combination with the
supinator longus, flexors of the forearm and deltoid, though to
a less extent relatively than these, and more particularly when
the affection implicates both the fourth and fifth more or less.
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The comparatively slight affection of the extensors even in this
case seems to be satisfactorily accounted for by the representa-
tion of the extensors again in the eighth cervical root, as
synergic with the flexors of the fingers. This fact would, if
this is the correct view, support the notion that the motor
nuclei of the extensors are not anatomically restricted to a
single definite position in the anterior cornua of the cervical
enlargement, but are represented in each segment correspond-
ing to the motor root which calls them into action synergically
with other muscular groups.

Otherwise it would be difficult to account for the relatively
slight affection of the extensors of the fingers, when the other
muscles of the groups are affected to a very marked extent,
either on the theory of direct affection of the fourth and fifth
motor roots, or on the more probable myelitic nature of the
lesion in the above-recorded cases.

The above localisation affords an explanation also of the
peculiar "main a griffe," described by Charcot and Joffroy in
connection with hypertrophio cervical pachymeningitis. Here
we have a very marked extension of the wrist and basal
phalanges with paralysis and atrophyof the muscles supplied
by the ulnar and radial nerves. This will occur when the
pachy-meningeal lesion is limited more especially to the lower
portion of the cervical enlargement, leaving the upper seg-
ments specially related to the extensors free, and hence the
unantagonised action of these muscles and the characteristic
" griffe," with hyperextension of the wrist.1

On the other hand, when the pachymeningitis affects the
upper half of the cervical enlargement, as in a case reported
by Dr. Leech, and figured by Dr. Ross,2 we have exactly the
opposite condition, viz. unantagonised action of the flexors
and pronators, the muscles supplied by the musculo-spiral
being specially paralysed.

1 See figure in Charoof 8 ' Le^ns. ' Troisteme Partie, 1874, p. 251.
1 ' Diseauee of the Nervom System,' vol. ii. p. 388.

(To be continued.)
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